According to Kamerer, it is possible to prevent metamorphosis in the caudate amphibians by amputation of the legs or tails of the larvae. I n my attempts to produce neoteny in the larv~ of salamanders, however, Kammerer's method has been tried without success, my experiments failing completely to confirm Karnmerer's positive statements with regard to the effectiveness of the method.
Though such a difference between two different groups of animals is possible, it does not seem likely that metamorphosis should be controlled in different groups of amphibians by mechanisms so different; at least such an assumption does not seem justified by the evidence presented in Kammerer's paper. In the first place, that which Kammerer calls neoteny in his Triton larva~ is, as far as his recorded data are concerned, only a difference of 1 month. In one instance the operated animals transformed 1 month later than the controls; in the second experiment the operated larwe had not metamorphosed 14 days after the controls had completed metamorphosis; at this time the experiments were discontinued. 4 Nowhere do we find any indication that the sex organs were actually examined to make sure that they had developed at a more rapid rate than the rest of the organism. Nor do we find any proof that these small differences had not been produced merely by differences in the quantity of food or that they were not due to the fact that the larvae of the different sets were the offspring of different females. Since the same objections could be raised with regard to his experiments on tadpoles, it becomes doubtful not only that so fundamental a difference exists between Caudata and Salientia as that claimed by him, but also whether amputation and regeneration had any effect on the metamorphosis of Kammerer's larvae at all. In a later article ~ he emphasized the fact that the retardation of metamorphosis in his larva~ was not due to a retardation of growth because of insufficient food; he says: "Individuals particularly suited for the production of the phenomena of neoteny are those which have been subjected to experiments on regeneration, since they as a rule retain for a long time after the removed parts have been replaced the larval condition without showing any particular inhibition of the general growth of the body; hence they turn into truly neotenous, not into starved larva~I ''e It is in this case of course extremely difficult to form any opinion about the causes which lead to retarded metamorphosis, since apparently these animals were well fed, but it is well known, and we have Kammerer, P., Arch. Entwcklngsmechn. Organ., 1904 , xvii, Experiment XI, p. 167, and Experiment XlI, p. 168. Kammerer, P., Arch. Entwcklngsmechn. Organ., 1904 , xvii, 165. 6 Kammerer, P., Arch. Entwcklngsmechn. Organ., 1904 discussed it in a previous article7 that the larvm of all species so far examined must grow longer in low temperature than in high temperature before metamorphosis can take place, without, however, under these circumstances becoming neotenous. Unfortunately Karnmerer does not mention at what temperatures his larwe were kept. In the same article Kammerer refers to neotenous larwe of Salamandra maculosa, 2 years old; it is very probable that these larv~ were truly neotenous. The experiments reported in this paper make it, however, very doubtful that this result could have been obtained by merely cutting off the limbs and the tails. I tested the effect of the removal of the limbs and of the taft followed by regeneration of these parts first in the species Ambystoma opacum. In the fall of 1916 the eggs of one female were collected and twenty-eight of them divided into four series; two series (E and G), consisting of six larvae each, were used as experimental series, E being kept at approximately 25°C., G at approximately 15°C.; each experimental series was controlled by a series consisting of eight animals (A and C). The larvae were measured and examined at least once every week. They were kept in individual jars, and individual records were made. Both fore limbs were removed from the larwe of Series E and G 46 days after hatching, and 88 days after hatching 50 per cent of the tail was cut off. In Series E the regeneration of the legs was nearly completed 102 days after hatching, i.e. 80 days before metamorphosis; in Series G the legs had not regenerated to their normal length 109 days after hatching, but from this time on regeneration occurred at a very slow rate, and the animals never possessed legs of normal length. Regeneration of the tails was most vigorous during the first weeks after they had been cut off but continued in both series throughout the larval period. Table I shows the result of this experiment. For reasons discussed in other papers, 7 metamorphosis was regarded as taking place at the time when the first molt occurred; consequently the figures recorded in this table represent the number of days after which the animals shed their skins for the first time. In several larvm this figure was not recorded, the date when they were set on land being recorded instead. At 25°C. this was done on the same day as the first molt, or 1 day 7 Uhlenhuth, E., Y. Gen. Physiol., 1918-I9, i, 525. later, and the error caused by this difference is very small. At 15°C. in only one instance was the day of the first molting not recorded, and the error in this instance may amount to from 1 to 4 days. As the figures show, there was no difference between the controls and the experimentals at 15°C., both series metamorphosing 243 days after hatching. At 25°C. the difference was very small; the regenerating series metamorphosed only 16 days later than the controls. These results show that in Ambystoma opacum neoteny cannot be produced by removal of parts of the body and their regeneration. Beyond this no conclusions can be safely drawn. It should be mentioned, however, that in all four series approximately the same amount of food was available for the animals. The earthworms which served as food were given in pieces of approximately the same size. Since, however, the amount of food in these series was not large enough to cover the demand of normal growth, the animals were partly starved, as may be seen also from the length of the larval period, which amounts to 186 days in Series A, while it is only 60 to 100 days at 25°C. ff an unlimited supply of food is allowed the larvae. For this reason it is possible that at high temperature (25°C.), at which regeneration proceeds at a more rapid rate than in lower temperatures, the regenerating larvm were less well supplied with food than the controls, notwithstanding that both received an equal amount, and that this circum- stance caused the delay in metamorphosis in Series E. The experiments were apparently unsatisfactory also because they did not warrant a generalization of the conclusion that neoteny could not be brought about by removal of the parts of the body, since the species used might be less prone to neoteny than Triton and Salamandra maculosa. Accordingly the experiment was repeated in the spring of 1919 with the larvae of Ambystoma tigrinum, a species frequently found in neotenous condition. With respect to food, a more satisfactory condition was established by placing in the jars every day an amount of earthworms greater than was required by the larvae. Two series, a regenerating (LVI) and a control (XLVIII), were kept at 15°C.; both were the offspring of the same female, and each consisted of six animals. They were kept in separate jars and the observations recorded individually. In Series LVI the fore limbs were removed at 26 days, the hind limbs at 61 days, and 11 cm. of the tail at 47 days after hatching. To assure continuous regeneration the tails were clipped as soon as part of the previously removed tips had regenerated (at 47, 61, 68, 82, 96, 110 , and 124 days after hatching).
The result is summarized in Table II . It was practically the same as that of the first experiment. The larvae of Series LVI metamorphosed (i.e. shed the skin for the first time) 6 days later than the controls.
Since this difference is smaller than the differences observed among the larvm of the same series it may be said that in both series the larvee metamorphosed at the same time. And certainly there was no neoteny produced by removal of even considerable amounts of tissue (42.4 ram. of tail were removed by the successive clippings of the whole larval period), though the species used is one which would be expected to yield readily to influences producing neoteny in a species like Salamandra maculosa, which only rarely is found in neotenous condition.
CONCLUSIONS.
It is apparently quite certain that removal of parts of the body (limbs, tail) followed by regeneration of these parts (1) does not produce neoteny in the larvae of salamanders, and (2) has no influence upon metamorphosis.
